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RESTRIGILY

7HE EFFECTIVE MASS OF Hod AND THE VELOGITY OF SECOND SOUND

TN SOLUTIONS OF Hed BN Heb

Ie Mo muatnikcv,
Inetitute of Physical Probloms
imeni §e I. Vavilov

[RotEs This peport appeared in the reguler "Phyoics" peation of Doklady Akademid
Nauk 886R, Volume LYXTX, No 1 (1 oy 1951), pages 5739, Report was presonted 25

April 1951 by Academician Le Do Landaue/

I solutions of He® 4n Heh, just os in pure He’*, polow the Nwpoint, undarped
thermal waves (second sound), besides ordinary sound, cén be propagatods T. Y8
Pomeranchuk [".\.__7 derived a formula detormining the yelocity of aecond sound Op in

wosk solutions of He3 in He"‘:

3 . (8  loe/m)?T ; kTx )
fﬁ (Cp - 3bc/2m3) g

Here P 4g the density of the normal part of the solutlon; P_-—_—_f) - 13 is the
n s i
density of the guperfluld part of the golution; Sy 1g the entropy and Gy the heat

6N
capacity of pure helium=1I3 x'=( 273 ig the concentration; N and Ny, desige
T, + Nam3 3 b

nate the number of atoms of He3 and Heh, respectively, in the solutiony My and m),

are the respective magses of fe3 and Heh atoms, end T i8 the temperatures (NOTE!
80

The behavior of concentrated solutions of He? in Hel" ia/a problem under congideras

tion. The corresponding expressions for the veloolty of first and second sound in

such solutions have already been obtained).
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Formwla (1) wae derived on the assumptien that the partieles of the admixtures
are subject to oclampioal statisties. For suffielently low temperatures the digtrie
bution of particles of the mixture will deviate from the classical, Thias phenomenon,
however, ccoure at very low temperaturece of the erder of 0. = 0,2°K for a selution
of Ho in Heh with a concentration of the order 0,05,

The density f,, of the normal part of the liquid consists of two parte; the
nermal density Q v of pure helium=II ancl the normal denalty of the mixture [
The normal density of the mixture essentislly depends on the energy-cpectrum type

of the admixtures in the solution. If zerc mementum corresponds to minimum ene:"gr,

then ) 3 hag the form omm

fa = mH
v k)

where r.L is the effective mags of the mixture,
In the second liglically possible case, where a momentum P, not oqual to zero
corresponds to energy minimum, we have according to /717
2
P Fo

= sesenwe X

\ow 3 ) 3kT

Hence in this case, in contrast to the previous, the effective mass Fef =

pg/BRT is found to depdnd on temperature,

Recently the velocity of second sound in solutions of He3 in }ie}1 were measured,
thus enabling us to make definite conclusions as to the energy spectrum of Ho3 in
solution /72 7,

In the work referred to, the authors measured the velocity of second sound in

solutions of He3 in Heah with molar concentrations within limits of 0,09 4o 0.6% and

a temperature range of 1,25 to 1479, (NOTE: The molar concentration - . - N3 m
b+ N3
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is related to the concentration x:.._..}.r?fl._ appearing in cur formulas by the
Ny, = Nymg
) ¢

r@la.tion% -] = (-:'T « 1) ==/ For small concentrations we have x = E_..mi. o)
m

m
The values Sgr % and PM. appearing in formula (1) are known functions of temperas
ture (sce €.g:, /3 7. Therefore the results /2 7 with the help of formula (1)
allow us to compute the value of the normal density .Pn? of the mixture and conse=~
quently also the effective masa of He> in solution. Such computations gave as the
effective mass the value

/;,L == 8,5 m (ml = proton mags)

The y. values cbtained from values of L7 for various concentrations and temper
atures did not diverge more than 5¢ of the deduced valua, Therefore the effective
mags was found, within the limits of accuracy of the experiment, to be independent
of temperature, This result allows us to make the definite conclusion that Hed
dissolved in helium«II possesses an energy spectrum that has a minimum for the zero
value of momentum; or, in other words, the energy of the admixture in solution has

the formy

E = (pt momentum) ()

We shouwld remark thet, if the zero momentum Py did not correspond to the mini-
mum, then the effective mass under the conditions of the experiment /727 would
vary 35% during a temperature variation from L1.25 to 1,7°K.

The authors of work /2 7 compared the results of their measurements with the
compubations by I, Ya, Pomeranchuk /"1 7 and revealed a divergence which led them

to the conclusion that a nonwzero momentum P, is present in He3 dissolved in helium«II.
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Such a eenclusien was erronaeus, because the cemputations in 1'1_7 were performed on
the assumption that the effective mass of Hed equale the atomlc mase of Heds Actu-
ally the resl effective masp exceeds by nearly three times the atomic mase of Heds

The magnitude of the effective mass of H03 enables ug to antioipate the thermal be=

havier of the velooity of secend sound in solutions of He? in Hah for various aone
centrations, The results of computations for o temperature range of 0.6 to 1,08

are represented in figures 1 and 2 /Bee the Appendix/,

Submittdd 23 April 1951
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Fig 1. iemper&tura depenéznoe of the vglocity of Tig 2. Dependence of the velocity of afcond
second sound in solutions of He” in Hell sound in solubions of He3 in Hell
for various concentrations o The small ‘the concentration of the solution, v
clrcles 1%7 represent the experimental The continuous curves [Eéé? represent !
values o 8 veloolty %7; the continue the theoretical values of velocity |
ous curves represent the theoretical vel= (at an assigned temperature),
ves mixkioooadmeiky /5107, /
«wEND
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Such a senelusien was erreneous, beeauee the eemputatione in [ 1_7 were perfermed en ‘
the aseumption that the effective mass of He? equale the atomle mace of Hed, Aotu~
elly the real effeetive mase exeeeds by nearly three times the atomic mass of Hed, |
The magnitude of the effective mass of He” enables ue te antieipate the thermal bee

havier of the veleolty of second sound in solutiens of He? in Ha"‘ for various conw
centrationn, The results of computations for a temperature range of 0,6 to 1,069K

Are represented in figures 1 and 2 /Bee the Appendix7/,
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Fig 1. Temperature dependence of the vglocity of Fig 2, Dependence of the velocity of afcond
second sound in solutions of He3 in Helt sound in solutions of He3 in Helt on
for various concentrations ¢ The small the concentration of the solution,
circles si§7 represent the experimental The continuous curves 5%37 represeont
values of the velocity [é 3 the continue the theoretical values o velooity
ous curves represent the theoretical val= (at an assigned temperature),
ues mixstorcadmcdy /5107,
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